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ABSTRACT

The 1990 Clean Air Act Amendments (CAA) require andlysis of transportation programs for
conformity with ar qudity implementation plansin regions that are in non-compliance with clean ar
dandards. To examine conformity of trangportation plans, Metropolitan Planning Organizations
(MPOs) and other organizations generdly need to rely on computer models that smulate the interaction
between trangportation and land use. Outputs from these mode s are in turn used with ar pollution
emisson modds to evauate the impact of various policies and investments on air qudity. The sate of
the practice in trangportation modeling for air qudity planning varies widely acrossthe U.S,, but there is
generd consensus among trangportation professionals that current practices and capabilities for such
andyssiswesk and in need of substantial improvement.

The Nationd Association of Regiond Councils (NARC) and Environmenta Protection Agency (EPA)
have initiated efforts to define “Best Practices’ in transportation modeling for air quality planning, to help
guide agencies around the U.S. in transportation-air quality conformity andyss. NARC sponsored a
conference on November 21-22, 1991, to discuss the topic of “Best Practices’ with selected
trangportation professionas. For this conference, NARC commissioned a paper, “ Toward Improved
Regionad Transportation Modeling Practice,” by Greig Harvey and Elizabeth Degkin, to lay a
framework for discusson. The Environmental Defense Fund is keenly interested in thisissue and has
prepared these comments to give guidance to metropolitan planning organizations, consultants, and
policy-makers.

| NTRODUCTION

The 1990 Clean Air Act Amendments (CAA) require analysis of transportation programs for
conformity with ar qudity implementation plansin regions that are in non-compliance with clean ar
gandards. To examine conformity of trangportation plans, Metropolitan Planning Organizations
(MPOs) and other organizations generdly need to rely on computer moddl s that Smulate the interaction



between transportation and land use. Outputs from these models are in turn used with air pollution
emission modes to evauate the impact of various policies and investments on air qudity.

The dtate of the practice in transportation modeing for air quality planning varies widely acrossthe U.S,,
but there is generd consensus among transportation professonds that current practices and capabilities
for such andysisisweak and in need of subgtantia improvement.

The Nationa Association of Regiond Councils (NARC) and Environmenta Protection Agency (EPA)
have initiated efforts to define “Best Practices’ in trangportation modding for air qudity planning, to hep
guide agencies around the U.S. in trangportation-air quality conformity andyss. NARC sponsored a
conference on November 21-22, 1991, to discuss the topic of “Best Practices’ with sdlected
trangportation professionas. For this conference, NARC commissioned a paper, “ Toward Improved
Regiond Transportation Modeling Practice,” by Greig Harvey and Elizabeth Degkin, to lay a
framework for discussion.

The Environmental Defense Fund is keenly interested in this issue and has prepared these comments to
give guidance to metropolitan planning organizations, consultants, and policy-makers.

PREFERRED APPROACH TO SPECIFICATION OF “ BEST PRACTICES”

The EDF believes that “Best Practices’ for trangportation modeling for air qudity planning should be
developed following severa basic principles:

1. “Best Practices’ should be performance-oriented, rather than process-oriented, to encourage
innovation in modeling techniques. Performance standards should rdlate to the sengtivity of
models and procedures to key factors and rel ationships between trangportation, pricing, land
use, and air quaity (TPLUAQ), dong with internd consistency in the trestment of data and
appropriate validation of models. Aspart of “Best Practices,” EPA/DOT should define
validation procedures and criteriafor TPLUAQ modes used in conformity andyss.

2. Standardsfor “Best Practices’ should be set a a high levd, reflecting the “ sate-of-the-art,”
rather than a the lowest common denominator. “Best Practices’ should acknowledge the need
for some variance in sandards of TPLUAQ model performance between regions at different
levels of non-attainment of CAA standards. However, dl regions required by the CAA or their
implementation plans to implement TCMs or mandatory trip and VMT reduction should be held
to the same highest gandards. Al fast growing areas in non-attainment should aso be required
to meet these standards.

3. Standards should not be gtatic, but should be updated frequently to respond to rapid advances
in computer modeling and transportation/pricing/land use/air quaity andyss techniques and
capabilities.



4. Recognition should be given to the poor state of the practice in many regions and the time
required to improve transportation, pricing, land use, and ar quaity monitoring, anayss, and
forecasting systems. Regionsin nor-compliance with the CAA that do not meet the “Best
Practices’ standards should be required to develop and adopt plans and schedules for
improving these information and forecasting systems as rapidly as practicaly possble, as part of
MPO Unified Work Programs and interim State Implementation Plan (SIP)/Transportation
Improvement Program (T1P) conformity submissonsto EPA/USDOT. Improved senstivity to
trangportation pricing should be among the highest priorities for improved methods.

5. Whileimproved systems are being developed, smpler techniques that provide policy sengtivity
to key factors should be put to use as soon as possible for interim conformity anayss.

PERFORMANCE STANDARDSFOR POLICY-SENSITIVITY, CONSISTENCY, AND M ODEL
VALIDATION

“Best Practices’ should leave room for innovation in techniques by devising performance standards
related to gppropriate policy sengtivity, internal consistency, and proper validation of TPLUAQ models.
The“Manua of Best Practices’ should generdly avoid prescribing specific techniques for achieving
such performance, dthough the range of current best practices for achievement of the performance
standards should be discussed to provide useful information for practitioners and other interested

parties.

Examples of performance standards for policy sengtivity, internad consstency, and vaidation that should
be included in “Best Practices’ are discussed separately below.

While there are a number of different approaches that can be taken to assess TPLUAQ relationships at
ametropolitan level, with few exceptions, the classic four-step modding processin use since the early
1960s remains the standard technique. The paper by Harvey and Deakin, “Toward Improved Regiond
Transportation Modeling Practice” identifies many of the shortcomings of this approach as gpplied by
transportation agencies around the U.S. and many of the requirements for devel oping improved models.

Potentially superior dternate frameworks for TPLUAQ modeling should be explored and developed in
the coming decade. Particular attention should be given to research and development work based on
activity andyss, time-budget theory, and improved use of discrete choice andyss.

New techniques for refined spatid analys's, proximity planning, and representation of the pedestrian and
cycling environment are emerging through the integration of Geographic Information Systems (GIS) with
TPLUAQ planning and forecasting models. The number and share of jobs and houses within walking
distance of trandt and loca services and the qudity of the pedestrian environment together have amgor
influence on trangit use and access mode choice, and likely influence trip generation, ditribution, and the



degree of trip chaining. Further research and modd development is needed to document these
relationships.

Recent advances in GIS technology provide aframework for low-cost data andysis of these
disaggregate spatia relationships and can make conventiond zone-based TPLUAQ models sendtive to
such urban design factors. GIS can aso provide aframework for development of more comprehensive
inventories of parking supply, parking cost, and employer-based commuter subsidies. Thisisavitd
area for increased data collection and analysisin most regions, as pricing factors have the greatest
promise of dl TCMs to induce short-term changes in travel demand.

SeT “ BEST PRACTICES” STANDARDS TO REFLECT THE STATE-OF-THE-ART

It isimportant to incorporate the highest state of the modding art when identifying “Best Practices” The
standards established generdly should represent a combination of the best practices employed by
various organizations involved in TPLUAQ analysistoday. Without such an approach, it islikely that
transportation-ar quaity conformity andysswill remain ameaningless exercise and will fail to identify
effective srategies for meeting the gods of the CAA in many regions.

“Best Standards,” if true to their name, can provide sound guidance to model development and
goplications by MPOs for conformity analyss and reduce the likelihood of litigation concerning issues of
improper modeling procedures or inadequately documented assumptions.

A shortage of resources has hampered TPLUAQ data collection, analyss, and model development
efforts even in the organizations employing the best work today in America. Thus, even the best current
practices are unsatisfactory in providing some types of important and desired policy sengtivities. The
“Manud of Best Practices’ should identify areas where innovation in techniques and new types of data
collection are needed to redress such deficiencies as quickly as possible.

“Best Practices’” should acknowledge the need for some variance in standards of TPLUAQ mode
performance between regions a different levels of non-attainment of CAA standards. However, dl
regions required by the CAA to implement TCMs or mandatory trip and VMT reduction should be held
to the same highest standards. Evauation of TCMs and potentid trip and VMT reduction measures
require appropriate sengtivity to arange of policies, interna consistency in the trestment of data, and
appropriate validation of modds if conformity findings are to be found credible in a court of law.
Regionsthat are in non-attainment and growing rapidly should aso be required to meet the “Best
Practices’ standards, even if they are at alower leve of severity in their non-conformity. During periods
of growth, regions have their easiest opportunity to shape their transportation, land use, and air quality,
but tools are needed to assess impacts properly.



FREQUENTLY UPDATE “ BEST PRACTICES”

Rapid innovation in TPLUAQ modeling and andysisis likely in the next decade, in response to
increased funding for data collection and analys's, pressing trangportation-ar qudity conformity
deadlines and standards, and expanded attention to transportation demand management. Thus, “Best
Practices’ should be frequently reviewed and updated, at least every two or three years, to encompass
important innovations in TPLUAQ modeling and analys's capabiilities and to overcome deficienciesin
the current best practices.

REQUIREMENTSFOR M ODEL AND | NFORMATION SYSTEM | MPROVEMENT

Current modelsin most regions do not meet acceptable standards and will require enhancement. This
will be possible only by sgnificantly increasing funding for TPLUAQ information and forecagting
systems, which have been highly underfunded, especidly in the past decade.

The sgnificant increase in Federa support for MPOs and trangportation planning activities under the
1991 Surface Trangportation Act (STA) should facilitate this. Where thisincreaseisinsufficient to
ensure sufficiently rapid progressin TPLUAQ andytic and monitoring capabilities, the STA’sincreased
flexibility should engble the shifting of additiona resources to support these activities.

The“Best Practices’ should require each region that isin non-conformity with the CAA to prepare the
following strategic dements as part of their SIP/conformity plan:

1. Assessment of current TPLUAQ models and information systems to identify aress
needing improvement to adequately carry out CAA transportation/air quality conformity testing
and to achieve the standards set by the “Best Practices’.

2. Development and adoption of aregularly updated five-year plan for TPLUAQ model
and information systems development. Thisshould include —

1. Identification of techniques that can be used in the near-term to provide policy sendtivities
required by the “Best Practices,” such as pivot point models and the use of quditative
indices to represent the effects of pedestrian and bicycle friendly vs. automobile oriented
urban design, clustered mixed- use development within walking distance of trangt nodes,
parking pricing, commuter subsidy, and other policy changes, and the development of
dternative land use growth scenarios congstent with automobile vs. trandt oriented
devel opment patterns.

2. Specification of new, more comprehensive TPLUAQ mode structures that will be
developed in the mid-term to provide enhanced policy sengtivity for CAA transportation/air
quality conformity andyss.

3. ldentification of data collection and andys's activities needed to provide adequate support
for TPLUAQ performance monitoring and modd cdlibration/vaidation. This should include:



1. deveopment of trangportation pricing databases, reflecting the share of employees
getting free parking a individua Stes or within compact zones, the cost of short and
long term commercia parking, HOV pricing incentives and other commuter subsidies,
aswdl astrangt costs on an origin-destination basis (if appropriate by mode),

2. initigion of household and employer-based pand surveys and other surveys to monitor
changesin travel behavior and travel costs and subsidies over time,

3. development of regiond traffic count inventories, with adequate peak hour, pesk
period, and 24-hour counts to support improved emissons inventories and TPLUAQ
model cdibration,

4. travel time and delay studiesto provide the basis for improved cdlibration of emissons
inventories and TPLUAQ moddls,

5. inventories of trangportation supply, with information on road widths, number of lanes,
presence of medians, intersection configurations, trangt services, including transit stop
locations and service frequency, parking inventories, including park-and-ride lots,
location and character of Sdewaks and bicycle paths and lanes, availability of secure
bicycle parking spaces at trangit stops, and other factors.

6. truck and goods movement data and surveys to support metropolitan goods movement
drategy planning and emissions evauation,

7. sudiesof specid generators, such asarports and universties, to support their better
consderation in the metropolitan TPLUAQ andysi's process.

8. inventories of housng and employment location by type, including current land use,
gpproved but unbuilt development, zoning cellings, and forecastsin 5 year increments
for more and less clustered or sprawled development patterns, dependent on
trangportation investment and policy and possible zoning changes,

9. development of historical inventories of changesin land use and transportation supply
and price over recent decades to support development of land use forecasting models
and the vdidation of long-range applications of TPLUAQ models.

3. Preparation of a schedule and budget for thiswork, to be adopted as part of the Unified
Work Program of MPOs for regions in norconformity, showing maximum effective progress
towards achievement of the “Best Practices’ standards.

REQUIREMENTSFOR M ODEL SENSITIVITY

Accessibility. TPLUAQ models need to be made more sengtive to the impacts of changesin
accessibility on travel behavior and location decisions. Accessibility isthe key linkage between
transportation and land use and has mgor influences on the entire travel demand andys's process.
“Best Practices’” should require:

» Internaly condstent treatment of travel timesin trangportation models for destination choice,
departure time choice, mode choice, and multi-modal network assignment should be part of
“Best Practices’. Thisisaready accomplished by severd of the better metropolitan



trangportation models. This should be accomplished whenever possible through an equilibrium
process, rather than through recursive iteration. In congested networks, recursion often does not
provide satisfactory closure, exhibiting features of a chaotic syssem. Montgomery County,
Maryland, has very recently developed an equilibrium destination and departure time
choice/mode choice/network assgnment agorithm implemented using EMME/2's equilibrium
assgnment process.

Proximity of jobs and houses to each other and to public transportation and daily services
should be better reflected in dl stages of travel demand anadlyss. In many regions, thiswill
require cregtion of new information systems to track jobs and households on a more
disaggregate bas's, usng Geographic Information Systems (GIS). GIS can dso enable the
assembly of new databases on the location of trangit stops, sdewalks, bicycle facilities, and
other factors influencing pedestrian, bicycle, and trangit friendliness.

Current models are often unable to measure and andyze such basic questions as:

*  How many jobs and houses are within waking distance of bus stops and transit
dtations?

» Towhat extent can workers or resdents in this location accomplish their routine errands
by foot?

The large traffic zones that are common in many regiond trangportation planning models are
poorly suited for proximity planning. New more disaggregate traffic analyss zone sysems are
needed in many regions. These should, in many cases, focus on trangt nodes rather than being
solely defined by mgjor roads.

Research in Montgomery County, Maryland, suggests that the frequency of trip chaining is
related to whether people live and work in denser, more pedestrian friendly mixed use areas or
in sprawled, more automobile friendly single use areas. While thosein the former areas are dble
to accomplish more errands on foot at lunch time or after work, and are thus often less
restrained from using trangt for commuting, those in the latter areas are often made automobile-
dependent by the need to run errands by car during the day. Proximity thus may have a
ggnificant impact on trip generaion, distribution and mode choice.

One of the greatest weaknesses in most current mode choice modelsisin the poor
representation of transit mode of access. Adequatdly characterizing and smulating transit mode
of access requires better information on proximity of jobs and houses to trangit, the quaity of
the pedestrian and cyclist environment, and the cost and congtraints related to automobile park-
and-ride systems, as well as pedestrian and bicycle access to trangit.

Congdderation of changesin accesshility on land development market forces. This can be
accomplished in the short term by ensuring that dternative land use forecasts are prepared for



ar qudity conformity andysis based on different transportation investment, operations, and
policy scerarios. “Best Practices’ should ensure that, as a minimum, land use forecasts vary
with dternative trangportation scenarios. Areas with expanded road or trandt capacity should
be evauated for their potential for added growth due to improved bility.

This can be accomplished using linked land use-transportation models, such as ITLUP or
POLIS, which require sgnificant invessment and data for cdibration. Or it can be
accomplished through more quditative assessment, usng Delphi techniques with loca planners,
land use experts, and citizens, taking into account past and anticipated trends and policies.
Regardless of the process used, information is needed on recent and current land use patterns
and change, the location of dready gpproved development, the current zoning limitations, and
potentials for redevelopment and zoning change, al on asmdl area (traffic zone) basis. Current
accessibility patterns and potentiad changes under various transportation scenarios, including
congderation of anticipated congestion, must become a significant factor in land use forecasting
processes used to support trangportationv/air qudity conformity.

Regionsthat fail in meeting conformity targets and need to implement trip and VMT reduction
will be required to evauate dternative transportation scenarios to those used in their earlier
conformity analyss. These dternative scenarios should reflect changesin land use forecasts
congstent with changes in trangportation pricing, investments, and policy. Where sgnificant
trangt investments are being evauated, loca land use and zoning policies should be evauated
for potentia change to encourage more dense clustered development near transit nodes and
downzoning in low-density automobile dependent areas. Where linked land use-transportation
models are available, such potentiad changesin zoning should be evauated for their potentia
gynergigtic interaction with changesin trangt and highway accessibility and pricing.

The Need to Consder Job/Housing Baance in Land Use and Externa Production/Attraction
Forecasts. Conventiond regiond trangportation models generate trip attractions and
productions and normalize one to the other (usudly forcing the number of employment
attractions to equal the number of household productions for work trips, for example). At the
same time, regiona modd s require the specification of trip productions and attractions and
through trips at the externa boundary of the modeled region. It isimportant to ensure
congstency over time in the treatment of these various sources of trip productions and
attractions.

In some regions, this normalization has hidden growing imbalances in the amount of forecast
housing available for workers. Thisimbaance can be satisfied in only one of two ways -- by
importing more workers into the modeled region from beyond the external boundaries for the
region, or by assuming that some of the forecast employment is not redlized. Normdization
presumes the latter and that the unfilled jobs are proportiondly distributed throughout the
modeled region.



“Best Practices’ should require an accounting for regiond imbaancesin job and housing growth
over timein the specification of externa productions and attractions, and an end to the practice
of normdization of productions and atractions. Where such normdization factors are small,
they are of little consequence, but where they grow over time, they may mask serious problems
in the land use forecasts, unless explicitly compensated for by matched increasesin forecast
growth in externd trip productions and attractions.

Externd trip productions and attractions should be sengtive to changesin land use and
trangportation forecasts. Improvements to roads, HOV facilities, or rail services that extend to
near the edge or beyond the modeled region should be accounted for by appropriate changesto
externd trip productions and attractions at the affected externa ations. Smilarly, Sgnificant
changesin forecast employment in areas near the edges of the modeled region should be
accompanied by significant changes in externd productions and attractions.

However, dl of these problems of model consistency in trestment of job/housing interaction
within and beyond the modeled region can be reduced by ensuring that the modeled region
encompasses nearly dl of the commuter-shed of the primary employment concentrations within
the region of modding interest.

Consistency of Land Use Forecasts with I nvestment Decisions and Pricing Policies.
Conformity analys's should require a reasonable match between the assumed leved of infrastructure
investment, trangportation pricing policies, fisca cgpability to deliver the planned infrastructure, and the
level and location of forecast growth. Large transportation infrastructure investments are generdly not
fiscaly supportable without some degree of accompanying growth that makes use of these investments
or dgnificant user feesto finance codts.

“Best Practices’ should not condone the use of fixed land use forecasts with widdy varying
trangportation investment programs, as was the practice in theinitid round of interim conformity andyss
in 1991 and the MTC build/no-build dternative comparisons. More ambitious investment programs
should be evauated assuming a faster rate of growth in jobs and housing; no-build investment programs
should be evaduated assuming a dower rate of growth. In other words, within limits, growth and
investment should be coupled.

Significant changes in trangportation pricing can dso have some influence on growth patterns. Extensive
subsidies for automobile use have contributed to growing trip lengths and sprawl over time; higher costs
for sngle occupant vehicles (SOV) use combined with expanded non- SOV transportation options can
be expected to favor more clustered growth and reduced average SOV trip lengths over time.

Precisaly how these linkages can best be achieved and how specific trangportation investments or
pricing changes influence job and housing location is an area requiring further research and model
development. However, in the short-term, Delphi gpproaches for modification of current land use
forecasts to make them consistent with transportation scenarios should be the “Best Practice” approach,



unless land use forecasting models are avalable in aregion. The results of such work should be subject
to areasonableness test by the larger community. Even where land use forecasting models are
available, the reasonableness of their sengtivity to changes in these input factors should be examined.

Senditivity to Variationsin Pedestrian and Bicycle Friendliness. Thereiswide varigionin
pedestrian and bicycle use across America, with some pedestrian and bicycle friendly communities
showing wak and bicycle mode shares as high as 15 to 25 percent or more. In many new suburban
communities and both new and old citiesin much of northern Europe, walk and bike mode shares of 25
to 50 percent are common, for all trips and for access trips to public transportation. However, current
transportation modelsin the U.S. usualy lack proper representation of these modes of transportation,
which have the grestest potentia to affect the number of cold starts and hot soaks, and thus significantly
reduce air pollution emissons.

“Best Practices’ should require explicit representation of walk and bicycle modes in the travel demand
andysis process, dong with TCMs and infrastructure investment and management decisions that could
increase the use of walking and cycling. This representation should take into account the potentid for
pedestrian and bicycle improvements to increase walk and bike mode shares, and the share of trips
made by combining walking and cycling with public trangportation.

Thereisagreat need for basic data collection related to walking and cycling. In the near-term, bicycde
and pededtrian friendliness may best be incorporated into current model structures using quditative
indices, as has been done for severd yearsin Montgomery County, Maryland, with its“ Trangit
Serviceahility Index/Index of Pedestrian and Bicycle Friendliness.” This approach gives a score to each
traffic zone based on the extent and interconnectedness of Sdewalks and bicycle facilities and traffic
camed or redtricted areas, the dengity and mix of land use, the extent of building set-backs from the
dreet, and the availability of bus stop shelters. Similar indices can be used as part of logit mode choice
and other moddls as a surrogate for otherwise missing information on the character of the trangportation
supply system for pedestrians and cyclists. This approach could be used both in short-term pivot point
andysis techniques and in more comprehensive regiond models.

Research in the Washington, DC, region indicate that travel time and cost alone do not appear to be
aufficient to explain variationsin trangt use. Pedestrian and bicycle friendliness gppears to have a
ggnificant effect on how far people are willing to walk (or cycle) to reach public trangportation. While
few people will walk 10 minutes to abus stop if that walk is aong busy roads without sdewalks and
where there is no bus stop shdlter, more people will consider walking the same distance if there isa safe
and comfortable place to walk, the opportunity to stop en route at shops to attend to errands, and
shelter at the stop.

“Bedt Practices’ should identify this area as one needing particular attention for research and
development. Thereis sgnificant promise for improved modeing methods to treet walk and bicycle
trangportation within the next severd years. These will likdy rely on GISfor inventories of Sdewaks,
Sreet widths, traffic peeds and volumes, median strips and safety idands, locations of free right turns,
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bicycdle paths and lanes, streetscape continuity, crime leves, and other factorsinfluencing the friendliness
of an areafor waking and cycling.

Wak and bicycle transportation should be accounted for not only in mode choice but dsoin trip
generation and digtribution. It appears likely that when people are offered a high quaity pedestrian and
cydling environment and become reliant on these modes for a Significant share of their travel, their
degtination choice, especidly for non-work travel, is more strongly influenced by their pedestrian,
bicycle, and trangt accessibility than by their automobile accessibility.

These micro-scale factors can be measured for their influence on travel demand using GIS and
disaggregate survey data. Pededtrian friendliness, for example, can be quantified by consdering:

» ratio of Sdewalk to street miles

» ddewak connectivity

o dhareof length of main roads with sdewalks

» dreet crossing difficulty index (eg. asafunction of the traffic volume, speed, number of lanes

without a median, frequency of pedestrian-Sgnalized crossngs)

* average Sdewdk width

» dhare of sdewakswith buffers between sdewak and street

* higtoric pedestrian accidents and fatdities

* proximity to pedestrian only streets

* incidence of dreet crime in neighborhoods

Bicydle friendliness can be quantified by consdering factors such as:
» ratio of bikeway to street miles
* hikeway or bike lane connectivity
o share of length of main roads with bikeways/bikelanes
» dreet difficulty index (e.g. asafunction of the traffic volume, speed, lane width, and pavement
condition, aggregated for zones and for network connectivity estimetion)
* intersection difficulty index (e.g. Smilar to index for pedestrians)

Automobile Owner ship Senditivity. Automobile ownership has been found in numerous studies to
have amgor effect on mode choice and trip-making. “Best Practices’ should reflect a sound treatment
of automobile ownership or avalability as an important factor in travel demand estimation.

Moreover, “Best Practices’ should include automobile ownership forecasting mode s that are sengtive
to the potentia for lagged negative effects of sgnificant increasesin trangt, walk, and bicycle

access bility on household automobile ownership which is suggested by evidence from a number of
communities. Further longitudina and cross-sectiona empirica research should be undertakenin a
number of regions to develop automobile ownership models sensitive to such potentials, aswel asto
other policy and pricing factors that may influence automobile ownership.
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Emissions modd s assumptions about motor vehicle fleet mix should incorporate sengtivity to changesin
taxes and fees that are keyed to emissions or fuel use, such asthe “feebates’ proposed by a number of
andydsts, which would pendize purchasers or owners of high emisson vehicles while rewarding
purchasers or owners of low emission vehicles.

Departure Time Choice Representation. “Best Practices’ should exclude the use of fixed factors
for road links to convert smulated dally traffic volumesto pesak or off-peak hour volumes. Ingtead, it is
preferable to use explicit departure time choice modds that factor trip tables, whether these are for daily

trips or peak/off-peak trips.

While smple and easy to use, the fixed link factor gpproach, which remains common in practice, ignores
important factors that can influence pesking characterigtics, such asthe level of traffic congestion in the
corridor, peak period pricing, and the diversty of housing and employment at the trip origins and
degtinations. It gppears very difficult to account for these factors with any type of link-specific peaking
factors, making trip table factoring the currently preferred method for departure time choice estimation
within the four- step process.

In genera, when congestion delay in acorridor increases, travelers shift more of their tripsto the
shoulders of the peak. Fixed factors can overestimate peak hour congestion and delay by being
ingengtive to the dadticity in departure time choice.

Demographic heterogeneity in housing and employment appears to dso have an effect on peaking.
People traveling to and from higher-dendty mixed-use areas tend to spread their trips more across the
24 hours of the day than people traveling to and from relatively homogeneous campus-style suburban
employment centers or new, automobile-oriented low-density suburban subdivisons.

Peak period pricing, in avariety of forms, can have a powerful effect on peaking behavior. The Dulles
Tadl Road, in Fairfax, Virginia, for example, isfree for HOVs but atoll road for SOV's, and has induced
changes in both automobile occupancy and departure time choice for automobile travelersin this
corridor. Singapore' s central area pricing system, which alows free entry into the CBD between 7 AM
and 10 AM only for HOV's (of four or more persons) while charging a substantial fee for SOV's resulted
in mgor mode and tempord shiftsin travel behavior. Severd cities in Sweden and Norway, including
Stockholm, are now implementing area pricing with positive effects and represent thisin therr trave
demand models.

These relationships can be represented by way of severd different modding approachesin the “four-
step model,” in what could be described as a “fifthstep” -- departure time choice. Trip length, theratio
between free-flow and congested travel times for origin-destination pairs, and indicators of land use
heterogeneity or dengity are key variables that should be considered in structuring departure time choice
models, asin Montgomery County, Maryland. Where time-of-day pricing is asgnificant policy factor,
it should be smilarly introduced into mode Structures.
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A typicd current practice isto smulate trip generation and digtribution on adaily basis and then factor
to pesk hour, using ether link factors or trip table splitting factors. While departure time choice modds
can be vadidly gpplied to trip tables representing daily travel, there may be merit in doing trip generation
and digtribution by time of day.

By generating trips separately for AM or PM pesk periods, base period, and evening, trip chaining can
be far more easily represented, as this varies greatly by time of day.

Departure time choice models should represent the greater dasticity of non-work trips to shift to the
shoulders of the peak or out of the peak completely, and the lesser eladticity of work trips, both linked
and non-linked to shift away from the pesk hour.

The use of time-of-day trip generation and distribution models can improve the estimation of trip length
and directiondity of flows on networks. While daily trip generation and distribution models can be
manipulated to produce reasonable directiona peak hour flows, directiondity and trip character become
far more obvious in the analys's of time-of-day trip generation/distribution models.

The conventiona approach lumps together trips from home to work and work to home as *“home-
based-work-trips,” and must rely on attraction-to- production and productionto- attraction factors to
account for directiondity of flows at various times of day. Time-of-day trip generation/distribution
models can produce estimates of AM and PM peak period home-to-work, work-to-home, and other
trip purposes, both linked and unlinked. The trip distributions of these more discrete trip types by time-
of-day vary widdy. For example, home-to-work tripsin the PM peak period tend to be shorter than
home-to-work tripsin the AM peak hour.

Sengtivity to Trip Chaining. In metropolitan areas across the U.S. over the past severd decades,
there has been a sharp decline in the share of work trips compared to non-work trips. However, much
of this change can be attributed to growth in trip chaining. What were formerly trips directly from home
to work have become trips from home to day care center to work, or work to shop to home.

Research in the Washington, DC region has shown that trip chaining is far more common among those
living and working in the automobile- oriented suburbs than among those living or working in denser
mixed use centers. Work trip length isaso afactor. Those who make chained work trips
overwhemingly drive cars to make those trips.

“Best Practices’” should be senstive to the phenomena of trip chaining and its effects on trip generation,
digtribution, and mode choice. Thismay be accomplished within the “four-step” process by separately
edimating linked and non-linked work trips by time of day, dong with work-based and other nor+
home-based nonwork trips, as has been done in Montgomery County, Maryland.

Integrating Multi-M odal Factorsinto Spatial and Temporal Trip Distribution. To ensure
sengtivity to the full range of policy choicesfor long-term analysis of trip distribution, both spatia and
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tempora, a number of non-traditiond factors should be consdered for inclusion in the andytic process.
Automobile and trangit travel time and travel cost are key elements, but traveler choice appearsto be
influenced dso by the qudity of the pedestrian (and bicycle) environment.

To the extent that modes other than the automobile play or might play asignificant rolein travd for an
areq, including as trangit access modes, congderation should be given to the trave time, cost, and “level
of service’ of these non-automobile modes in the travel demand analysis process. Choice-based logit
models offer a suitable framework for datistical evauation of sgnificance of these factors, which include:

» travel time and cost by automobile, walk-to-trangt, drive-to-trangt, bicycle, and walk

* proximity of jobs and housing to trangit (% within %2 mile of bus stops and ¥z mile of rall dations;
% within 1%2miles of rall sations for potentid bicycle access)

» proximity of jobs and housing to services (% within walking distance of shopping centers)

* household income

» household automobile ownership/availability

» automobile network density and qudlity factors (congested-to-freeflow trave time by auto,
parking scarcity and auto egress time at destination)

» pededrian network densty and quality factors (e.g. theratio of sdewak milesto Street miles,
connectivity of pededtrian facilities, indices rdated to the difficulty of crossng Streets,
streetscape continuity and frontage factors, proximity to pedestrian-only Streets)

» hicycle network density and qudity factors (e.g. the ratio of bikeway milesto street miles,
bicycdle friendlinessindex of dreets, bicycle parking availability/security factor, street crossng
difficulty factor)

» number of jobs/households by zone (destination choice)

» congested-to-freeflow trave time by auto (departure time choice)

Level of Network and Zone Detail. The gppropriate level of network detail in conventiona
trangportation moddsis afunction of the level of zone detail. Course zone systems with large zones are
consstent with networks that represent only large roads. Fine-grain zone systems are consistent with
networks that offer rich detail, including many smdl roads and transit lines.

Sengtivity to variaionsin proximity and accesshility of jobs and housing to each other and to public
transportation requires finer grain zone systems than are typicaly used by MPOs. The current
representation of newer, fast-growing suburban areasistypicaly most deficient, with the use of overly
large zones. The use of large zones makes estimation of walk and bicycle travel potentia highly
problematic, given the short average trip lengths of these modes.

Representation of dl streets that carry through traffic is important to representing network connectivity
and dternative paths within networks, as well as developing regiond inventories of mobile sources.
Streets that carry public trangportation amilarly should be included in regiond networks to permit
proximity analyss of jobs and housing to trangt, if possible, usng inventories of trangt stops maintained
within a Geographic Information System (GIS).
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Emissons analyss should condder dso intrazond trips. Reduction in the average size of traffic zones
will reduce the number of intrazond trips while making it possible to examine TCMs that divert some
intrazond trips from automobile to non-polluting modes, such aswak and bicycle.

“Best Practices’ should include the explicit representation of intersection capacity and delay separate
from link capacity and dday. A very large share of arterid vehicle delay is caused by intersections and
turning movement conflicts, rather than by link capacity saturation.  Montgomery County, Maryland,
and other agencies have developed a method for explicitly separating these components of the highway
network for equilibrium network assgnment.

This may impose chalenging requirements for larger databases and additiona computer time for
network assgnments, especidly in large regions. However, it can produce much more representative
network loadings and representation of delay, accelerationy/ deceleration cycles, and speeds, which are
important for emissons andysis and forecasting. It may be expedient to devel op surrogate
representations of these factors in more aggregate network models for dternatives testing, but the
development of more comprehensive base inventories and mode s that account for dl these factorsis
important for improving emissons andyss.

Development of inventories of sdewalks, bicycle facilities, and streets with dow traffic gpeeds and low
volumes friendly to cydlists and pedestrians isimportant to bringing these modes of transportation into
the travel supply and demand andlysis system. Without such inventories, TCMs intended to encourage
cycling and walking cannot be properly prioritized for cost- effective trangportation investments.

“Best Practices’ should call for both finer grain zone and network databases to support TPLUAQ
conformity anadyss. GIS offers alow-cost means of managing and andyzing finer grain network and
land use data. Zone and network detailing is most essentia in areas where trandit useis or may be
expected to become significant and in mgjor growth aress.

Census blocks and TIGER networks are a potentia foundation for low-cost development of finer
grain zone and network systemsin any community in the U.S.. These can often be complemented by
tax assessor parcel data bases and other pre-existing spatial data sources for mgjor advancesin
capabilities for proximity planning, mode choice andys's, and policy-sengtive TPLUAQ modeling.
Bus stop and sidewalk location data can be readily tracked using the TIGER file as areference.
Whatever the data structure used, be it TIGER or some other address referencing topologicd file,
maintenance and updating of the filesisimportant to ensure an effective planning tool.

Model Sensitivity to Changing Demographics and Urban Structure. “Best Practices’ should
ensure that travel demand modd's are senditive to demographic changes, especidly in trip generation.
When new developments open, they often exhibit far different demographic characterigics than a
decade or two later, as the population ages and increases in life-cycle diversty. The use of fixed trip
generation rates that are assigned by area should be avoided.
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Similarly, metropolitan structure changes over time. The multi-nudeation of metropolitan areas makes
the use of “Centrd Business Didrict” (CBD) binary variablesincreasingly suspect, as these variables
typicaly mask variationsin regiona accessibility and pedestrian friendliness. CBD binary varidbles,
however, are common, even among some of the most otherwise policy-sendtive travel demand
modeds. CBD variablesin modds should be replaced by other factors relating to employment density,
share of access to regiond housing and employment, and pedestrian friendliness or other urban design
factors. Inthisway, the effects captured by CBD binary variable can be reflected more explicitly and
more incrementdly in other emerging primary CBDs of multi- centered regions.

In generd, trip generation models should be sensitive to changesin traditiond factors, such as number
of jobs and houses, but dso to changesin --

e dwdling unit type

* household sze

 building utilization factors (number of employees per square foot of space by type)

» |abor force participation

* agedidribution

* income

* automohbile ownership/availability

» shareof walk, bicyce, and trangt trips (to determine extent of linked vs. unlinked trips)

e compogte bility factors

Emission Modd Sensitivity to Transportation Changes. “Best Practices’ should require
separae andyss of ar pollution emissons rdated to Vehicle Miles of Trave (VMT running
emissions), the number of trips (relating to cold start and hot soak emissions), and the number of
motor vehicles (reaing to diurna emissions). The frequent practice of evauating emissonsasif they
were related only to VMT by speed range is unacceptable and can lead to mgjor errorsin estimating
the emissions impacts of TCMs.

For example, by switching longer automobile driver trips to park-and-ride, there may be a Sgnificant
reduction in VMT but only avery smdl reduction in emissions, because the reduction in running
emissonsis andl compared to the remaining cold start and hot soak emissions. On the other hand,
by shifting short automohile trips to the bicycle or walking, there may be an inggnificant reduction in
VMT but asubgtantid reduction in emissons, through dimination of cold start and hot soak emissions.

“Best Practices” should facilitate more equd atention to running, trip, and diurnd emissonsin the
evauation of TCMs by ensuring that models are sengtive to policies that can affect each of these
components of automobile-related pollution sources.

At the same time, VM T-based emissons analyss should be sengtive to severd factors not well
accounted for in much initia conformity analysswork. These include --
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* Many transportation models cap free-flow speeds on roads at the speed limit, even though
real speeds often exceed the speed limit and enter a speed region where emission rates per
VMT increase, rather than decrease with speed.

» Accderation a intersections and highway ramps often account for very high emission rates for
short periods of time, but are not accounted for by the average link speed approach used for
emissons andyss.

» Traffic cdming measures that dow down automobile traffic in resdentid or commercid aress
can provide mgor improvement in the pedestrian and cyclist environment and reduce the
number of trips (especialy short trips) made by automobile. Conventiond analyss
approaches will reflect such changes as causing increased emissions due to lower average
automobile speeds, but are insengtive to the reductions in high-emissions accelerations and
cold starts/hot soaks that may be induced by traffic caming measures.

Representing Transportation Demand Management (TDM). TDM encompasses avery wide
variety of transportation srategies, from pricing changes to marketing and encouragement programs
and priority trestment of desired modes. Representing TDM in TPLUAQ modeling is a subgtantia
chdlenge, given the complex detalls of many TDM programs, Site specific gpplication of programs,
and the sengtivity of program effectiveness to the surrounding context in which it is implemented.

There are a variety of ways to attempt to represent TDM measures in the modeling process, but the
most promising best practices to date have involved pivot point modeling, asis the approach of the
COMSIS TDM evduation software. For individua activity centers, this gpproach is quite useful. For
entire metropolitan aress, it may be desirablein the mid-term to try to integrate the factors

represented in such software into region-wide mode choice models. Thiswould, however, often
require additiona data collection and revalidation or recdibration of mode choice models.

The COMSIS TDM model takes an gpproach that may be most helpful in providing required policy
sengtivity in the short-term at low cost, while data collection and mode devel opment proceed
towards cregtion of refined new TPLUAQ models for mid-term gpplication.

At aregiond levd, the TRIPS modd, developed from MTC data by Greg Harvey, offers a useful set
of tools for adjusting regiona models to better account for feedback of pricing and accessibility
changes on trip generation, distribution, and mode choice. This disaggregate modd isbeing used in
the Los Angdles region by SCAG for evauation of policy changes.

Many current regional modes are insengtive to the income-related effects of mgor pricing policy
changes. The TRIPS modd provides a useful and potentidly transferable framework for better
incorporating these factorsin regiond conformity andyssin the short-term, using pivot point anayss
methods.

The EDF believesthat pricing is the most important tool for short-term management of transportation
demand to meet ar quality Sandards. One of the highest priorities of “Best Practices’ should beto
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require sengtivity of travel demand mode s to trangportation pricing changes, including parking
charges, changesin commuter subsdies, tolls, area- pricing systems, trangit pricing and fare instrument
sructures, and vehicle ownership and operation cogs.

CONCLUSIONS

To meet the standards of the Clean Air Act Amendments of 1990, mgor improvements will be
needed in the methods used to andyze the relationships between transportation, pricing, land use, and
ar qudity (TPLUAQ) in metropolitan areas. Current methods for analyss of these relationshipsin
mogt regions in non-compliance with the CAA are grossly inadequate to the requirements of that Act.

Funding for TPLUAQ assessment, monitoring, and analyss must sharply increase in the immediate
future.

A “Manud of Best Practices’ is urgently needed to guide the efforts of local, metropolitan, and Sate
agenciesinthisarea. State-of-the-art methods are the lowest standard to which “Best Practices’
should be established. Revisonsin the “Best Practices’ standards will be needed on aregular basis
to reflect rapid advances in research and modeling techniques which are being driven by an urgent
need to better capture the dynamics of travel behavior and their response to changes in pricing, urban
design, trangportation and land use policies, and infrastructure investment priorities.

“The Manud of Best Practices’” should be an instrument to promote accel erated data collection and
monitoring, modd development, and andytic practice in communities across the U.S. which now fall
to meet ar qudity Sandards. Asit will take at least severd years of increased funding and effort in
this areato put into place gppropriate andytic tools and information systems in most communities,
pardld short-term efforts to enhance the policy senstivity of existing tools will be essentid to support
interim trangportation+air quaity conformity anayss.
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